The aim of the present study was to evaluate the effect of an exercise program on the postural balance and risk of falls of institutionalized elderly persons. A randomized controlled trial was performed. The study was conducted in two long-stay philanthropic care facilities for the elderly in a city in the north of Rio Grande do Sul, Brazil. Participants were divided into control (G1) and intervention groups (G2). G1 did not receive any type of intervention whereas G2 participated in an exercise program three times a week for twelve weeks. The groups were evaluated by the Berg Balance Scale (BBS) and the Timed Up and Go Test (TUGT). After the intervention, G2 achieved better scores in both BBS and in the TUGT, indicating a significant improvement in body balance and a reduction in the risk of falls compared to G1. The Spearman ordinal correlation revealed that there was a statistically significant association between BBS and TUGT ( p<0.001). G1 did not present positive results compared to G2 both at baseline and in post intervention. It can be inferred that the proposed exercise program was effective in improving body balance and the performance of functional tasks, contributing to an improvement in the risk of falls as a result. REBEC: RBR-5XNYJS.
INTRODUCTION
The world is experiencing significant demographic change due to the aging process. The growing elderly segment of the population is more susceptible to a decline in health and to falls, which today constitute one of the most widespread and serious public problems. 1 Falls are often frequent and limiting for elderly persons. A fall can be defined as an unexpected and unintentional event which results in an individual moving to a lower level relative to their initial position, and which occurs as the result of a total loss of postural balance and due to inefficiencies in the mechanisms necessary for the maintenance of postural control. 2, 3 Aging affects the properties of the central nervous and neuromuscular systems, leading to problems with balance and walking. 4 Balance is an important component of physical fitness that must be maintained in order to prevent falls. 1 With this in mind, prevention of falls constitutes a public health necessity, with more than a third of people aged 65 and over falling each year, leading to injuries, decreased functional capacity and consequently death. 5, 6 In order to implement effective strategies for the prevention of falls it is vital to discover the relevant risk factors, 7 as while some factors are irreversible, others can potentially be dealt with through appropriate interventions, 8 especially in the context of long-term care facilities for the elderly (LTCF).
Residents of LTCFs are more likely to suffer from falls, due to problems with walking, muscle weakness, dizziness, vertigo, cognitive decline, disease and specific medications. They also tend to be ill, dependent and more fragile than those elderly individuals who remain in the community. 9 When institutionalized, elderly persons are faced with an environment that is notably different from that of their homes, as well as the absence of family, a loss of autonomy and physical inactivity. 10 A decline in functional capacity ensues, predisposing residents to falls, which often recur.
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Muscle weakness, balance deficit and instability when walking are common intrinsic risks which lead to falls. However, these may be modifiable through adherence to regular, planned physical exercise. 4, 8, 12 The benefits for musculoskeletal health include improvements in balance as well as a reduction in number of falls and in physical conditions such as sarcopenia. 13 Thus, physical exercise has become an important tool for the prevention and control of falls and is gaining significance in public policy proposals for health promotion. 14 Efforts to reduce the risk of falling therefore help to maintain the well-being of elderly persons and reduce care costs. In order to achieve these effects it is necessary to discover the determining factors which make falls more likely, as the development and implementation of fall prevention strategies is currently a major public health challenge. 5, 16 The implementation of interventions is effective in reducing the frequency of falls and thus has the potential to benefit the health of elderly persons. 17 In light of the above, this study aimed to evaluate the effect of an exercise program on the postural balance and risk of falls of institutionalized elderly persons.
METHOD
A randomized controlled clinical trial was conducted, carried out in two long-stay philanthropic care facilities located in a municipality in the northern region of the state of Rio Grande do Sul in Brazil. The city had an estimated population of 195,620 people 18 and was home to 21 LTCFs, of which 19 were private and two philanthropic, with a total of 471 institutionalized elderly residents.
In the philanthropic LTCFs that were the object of this study, there were 112 elderly residents, 39 of whom were male and 73 of whom were female. These particular institutions were chosen for reasons of convenience, due to a links that have been built up over the years with the Universidade de Passo Fundo (the University of Passo Fundo) (UPF), through the development of undergraduate and graduate projects (lacto sensu and stricto sensu).
The inclusion criteria were simple: subjects had to be aged 60 years or over and resident in one of the selected LTCFs. The following were chosen as exclusion criteria: serious illness and/or advanced cognitive impairment, inability to perform the evaluations proposed during the follow-up stage of the study, missing 80% of the exercise sessions and/or hospitalization during the study period.
The sample population was established using cluster sampling. Thirty individuals who met the inclusion criteria were selected and allocated to the control group (G1) or the intervention group (G2) at random (by means of a spreadsheet-based draw), then randomized into blocks with an equal number of participants in each group, in accordance with criteria for randomization in studies with small numbers of individuals.
19 G1 consisted of 15 elderly residents from the two LTCFs, eight from one and seven from the other, while G2 was composed of 15 elderly residents all from a single LTCF.
After randomization, an initial evaluation took place where the individuals were interviewed in order to collect data such as gender, age, marital status, education, previous occupation and time spent institutionalized; as well as clinical data of interest: disease, drugs, polypharmacy, history of falls and fractures. All information was checked against the medical records of the subjects and with the responsible nursing professional in the respective LTCFs.
Next, the individuals completed the Timed Up and Go Test (TUG) and the Berg Balance Scale (BBS), the objective of which was to evaluate their dynamic balance and risk of falls.
The TUG was developed in order to evaluate balance, risk of falls and functional capacity in the elderly. It involves the observation of an individual as he/she gets up from a chair, walks three meters in a straight line then returns to the chair and sits down again. This route is timed in seconds and each individual's performance is graded according to how long they take to perform the task. 20 Total TUG time was used to compare the groups and the cut-off score proposed by Podsiadlo & Richardson. 20 Total TUG time was used in order to compare the groups, using the cutoff score proposed by Podsiadlo & Richardson. 20 These authors advise that a time of less than 10 seconds should be considered as normal for healthy, independent adults not at risk of falls, 11-20 seconds for frail or disabled elderly individuals with partial independence and a low risk of falls, while a time of above 20 seconds would indicate significant problems with physical mobility and a significant risk of falls. 20 The BBS is used to evaluate balance and risk of falls in the elderly. In the present study, the Brazilian version was adopted, fully validated and adapted into Portuguese. 21 Before the test was carried out, the evaluator demonstrated the activities which make up the evaluation. The test consists of 14 common tasks related to activities of daily living: 1. moving from a seated to a standing position; 2. remaining standing without support; 3. remaining seated without back support, but with feet on the floor or on a stool; 4. moving from standing to a sitting position; 5. transfers; 6. remaining standing without support and with eyes closed; 7. remaining standing without support with feet together; 8. holding arms out in front of the body while standing up; 9. picking an object up from the floor from a standing position; 10. turning round and looking over the right and left shoulders while standing; 11. rotating 360 degrees; 12. putting each foot alternately up on a step or stool while remaining standing without support; 13. remain standing without support with one foot forward; 14. remaining standing on one leg. Each item on the scale is scored with one of five marks ranging from zero to four points, with zero being awarded where an individual is unable to perform the task and four where he or she can perform it safely. Total scores range from 0 to 56 points, with a maximum score equivalent to an excellent performance in the test and scores of lower than 50 indicative of a likelihood of falls. 21 The tests were applied by six pre-trained team members. Two members of the research team were responsible for the evaluations and the follow-up. They were not made aware of which individuals were part of the G1 and G2 groups and had not been in contact with the subjects during the three months of the intervention. Both the baseline and the 12 week evaluations were performed without the evaluators knowing which individuals were from which group.
After the baseline evaluations participants selected for G1 did not take part in any kind of intervention. However, those in G2 participated in a regular and organised exercise program for 12 weeks, three times a week on alternate days, with 36 sessions in total, each of which lasted approximately 45 minutes. Participants in both the G1 and G2 groups did not perform any additional physical activity alongside the usual activities of the institutions during the study period.
The exercise program took place between May and August 2014, with the interventions carried out in the institutions themselves in rooms specifically designed for these type of activities. The rooms had good lighting, ventilation and appropriate surfaces. Before each session the blood pressure of the participants was measured (BP) in order to preserve their safety and comfort. In instances where BP was above or below the normal level, individuals were asked to wait a few moments before having the measurement retaken. Where the abnormality persisted they were given a leisure activity to carry out or given an appropriate referral where necessary, and their participation in the exercise session was suspended.
The exercise program included mixed activities. Each session involved:
• Warm up (eight to 10 minutes): walking, dance and ball game activities.
• Main part (15 to 20 minutes): functional exercises of aerobic endurance, muscle strength and endurance, flexibility, static and dynamic balance, agility and motor coordination.
• Stretching and Relaxation (eight to 10 minutes): exercises stretching the major muscle groups utilized during the session, alongside breathing exercises (breathing pattern: fractionated breathing in two periods).
The following items were utilized in the exercise program; chairs with back supports; handballs; rubber balls; steps; elastic bands; bats; hula hoops; adhesive tapes; plastic bowling sets; a stereo; a blood pressure device and a drawing of the Subjective Perceived Exertion Scale.
Team members systematically completed a field diary in order to maintain control over the sessions.
After three months, both the G1 and G2 groups were reassessed with TUG and BBS.
Information regarding history of falls was obtained for the 12 month period preceding the study (baseline), as well as for the three months of the intervention (post-test) and the three months after the study (follow up).
The data was given to the lead researcher who coded and formatted the database in Excel 2010. For analysis of the data, statistical software Statistical Package for Social Sciences for Windows (SPSS), version 22.0 ® was used.
Numerical variables were expressed as mean and standard deviation or median (25th percentile -75th percentile), whether or not they conformed to normal distribution. The categorical variables were expressed in terms of absolute and relative frequency. To verify whether there was a statistically significant difference between the independent variables, the Student's t-test was used in the case of normal data and the Mann-Whitney U test was used where the data was abnormal. In order to detect differences between the measurements collected at baseline and those taken after 12 weeks of intervention, the Student's t-test for paired samples (for data with normal distribution) and the Wilcoxon test for paired samples (for data with abnormal distribution) were performed. Associations between categorical variables were evaluated using Pearson's chi-square test with continuity correction where appropriate. The association between risk of falling and BBS score was assessed using logistic regression, while for the correlation between BBS and TUG scores Spearman's ordinal correlation was used, since both scales produce qualitative results, requiring a correlation test appropriate for nonparametric data. Tests with a probability value of <0.05 were considered statistically significant. 
RESULTS
All 30 study participants completed all of the assessments and interventions, and they were divided into two groups (G1 and G2) containing 15 participants each. The average age of participants was 76.2 years (±7.9), while 19 (63.3%) were female.
In terms of the sociodemographic characteristics of the groups, the average age of G1 members was 77.3 (±9.3) years while for G2 it was 75.1 (±6.5) years. There was no statistically significant difference between the groups, p=0.459. Females were predominant in G1 (60.0%) and G2 (66.7%), p=0.710. In terms of marital status, both groups had a high proportion of widowed individuals, who made up 40.0% of G1 and 60.0% of G2, p=0.222. Regarding education, elementary was the most common level in both groups at 46.7%, p=0.879. Regarding occupation prior to institutionalization, both groups showed a predominance of manual activities, or in other words, activities that require physical exertion, with these individuals making up 66.7% of G1 and 11.5% of G2, p=0.195. The median value for period of institutionalization was 24 months among G1 members and 29 months in G2, p=0.967. These results show that the elderly persons who did not participate in the exercise program (G1) continued to fall during and after the study period. The individuals who participated in the program (G2), however, did not fall during the three months in which they regularly took part in physical exercises. G1= control group; G2= intervention group; p= probability value; BBS= Berg Balance Scale. The results were presented as points; TUG= Timed Up and Go Test. The results were presented in seconds; *Mid values express median (p25-p75); **student's t-test for related samples (data with normal distribution); ***Wilcoxon test for related samples (for data with abnormal distribution).
In relation to the tests and the frequency of falls, the correlation between the baseline scores on the TUG and BBS was statistically significant, rs=-0.80, p<0.001.
The chances of an individual having fallen during the past year was not significantly statistically associated with the BBS baseline results, OR=0.96 (CI95% 0.87-1.5) for each one-unit increase on the BBS. Post-intervention, results from the BBS and TUG showed a statistically significant correlation, rs=-0.63, p<0.001.
The probability of suffering from falls after the intervention was not significantly correlated with post-intervention BBS scores, OR=0.98 (CI95% 0.86 to 1.12) for each one-unit increase on the BBS. Therefore, despite the statistically significant changes between baseline and postintervention results on the BBS and TUG tests, there was not sufficient evidence to demonstrate an association with a reduction in frequency of falls when compared with the history of the individuals over the three months following the study.
DISCUSSION
One of the main findings of this study was the comparison of the baseline and post-intervention results for the G1 group, which presented negative results with a reduction in body balance and an increased risk of falls after the three months of the study. Members of the G2 group however, showed an improved performance in both the TUG and BBS compared with their initial results after taking part in the intervention exercises.
Studies such as this further demonstrate the well-documented fact that falls occur among elderly persons living in LTCFs. 13, 15, 22 These residents probably develop a functional clinical and psycho-cognitive profile highly associated with risk factors for falls. 23 Postural instability, a geriatric syndrome with symptoms which directly influence episodes of falls, is particularly common. 24 Due to structural and functional changes that occur as part of the natural aging process, the systems responsible for balance also suffer from changes which greatly impact the lives of the elderly. The systems responsible for postural stability are also affected, with reductions in responsiveness and compensation, resulting in increased instability. 25 This results of the present study showed that after three months of intervention, the G2 group achieved better scores in both the BBS and TUG, indicating a significant improvement in balance and a reduction in the estimated risk of falls when compared to G1.
According to Buranello et al., 26 balance and risk of falls are closely related, suggesting that the chance of an elderly person suffering from a fall is connected to the maintenance of balance, with greater maintenance lowering the risk of falls. The effectiveness of physical exercise in reducing the risk of falls has been addressed previously in studies. 16, 27, 28 In the study by Soares & Sacchelli, 29 it was possible to verify the effect of a program of kinesiotherapy on the balance of elderly individuals, with the results obtained showing an increase of three points on the BBS following the program. There was also a statistically significant improvement in terms of risk of falls, with the training program including components such as strength, flexibility and somatosensory, vestibular and visual aspects, Regular physical exercise performed by a group of active elderly women and another group of sedentary elderly women showed that such activity has a positive influence on the maintenance of balance, meaning that the chances of suffering a fall are lower for active elderly women. 26 The results of a study by Salma et al. 30 indicated that the proposed program, which aimed to stimulate the cognitive and motor factors of elderly people through resistance exercises, stretching, play activities, games, circuits, dance and relaxation, was effective in reducing the risk of falls.
Falls can be prevented through exercise programs, the aim of which is to normalize or restore muscle strength, restore balance and reduce the use of medications. 31 The present study found significant negative correlations between BBS and TUG, with a strong pre-intervention correlation and a more moderate association afterwards, with individuals with higher scores on BBS performing the TUG more quickly, indicating, according to Gonçalves et al., 32 that a greater ability to maintain balance leads to better performance in functional tasks and a lower risk of falls.
It worth noting that the TUG and BBS tests are effective tools for assessing the physical functional performance and balance of elderly persons, as well as being effective instruments for the analysis of the risk of falls in this population. 33 These two variables were correlated in the study by Sabchuk et al., 34 which showed a moderate negative correlation (r=-0.57) and revealed that it is possible to use simple inexpensive tests to assess this physical functional capacity along with balance, with the TUG and BBS tests the most preferable options.
In terms of the frequency of falls over the 12-month period prior to the study, no significant association with balance, as measured by the BBS, was found, probably due to the low number of falls observed.
It was also evident that the elderly persons continued to suffer from falls after the survey period, since the proposed program was not continued and the changes achieved between baseline and post-intervention in the BBS and TUG tests were not enough to lead to a continued reduction in falls.
Falls occur for many reasons and knowledge of their risk factors is essential when it comes to planning preventive measures. The objectives of these measures, both individual interventions and public policy, are the avoidance of falls or the reduction in their number, as well as the preservation of functionality and improvement in quality of life. 25 Physical exercise represents a key strategy for the prevention of falls among the institutionalized elderly. However, professionals working in LTCFs must also be more attentive to the factors that predispose the elderly to falls and to develop preventive strategies aimed at improving functional capacity and consequently quality of life.
In terms of the limitations of this study, the difficulty in obtaining a larger sample due to the conditions of the residents should be noted. Indeed, a wider range of individuals would allow for better representation.
CONCLUSION
In this study, the elderly persons from the intervention group (G2) obtained better scores in both the Timed Up and Go Test (TUG) and the Berg Balance Scale (BBS), indicating a significant improvement in balance and a reduction in the estimated risk of falls compared to the individuals in the control group (G1). It can therefore be inferred that postural balance and the risk of falls in institutionalized elderly both before and after the exercise program were interconnected, indicating that individuals with better capacity for the maintenance of balance performed better in functional tasks and consequently had a lower risk of falls.
For Long-term Care Facilities for the Elderly (LTCFs), the importance of the physical exercise program utilized in this study has been clearly demonstrated. This fact should make those responsible for these institutions consider the presence of a Physical Education professional to work as part of their multidisciplinary teams.
The relevance of this study lies in the fact that the proposed exercise program was effective in increasing balance and particularly in reducing the estimated risk of falls among institutionalized elderly persons.
